Abstract : The decomposition of chitin in the marine sediments was investigated chiefly at Aburatsubo Inlet.
Introduction
The organic materials, which are not mineralized while floating in the sea, deposit and form a part of the sediments (HOSOKAWA, 1962 ; HOSHINO, 1962; UYENO, 1964) . Almost all the organic matter in the sediments are utilized by bacteria, fungi, protozoa and benthos and the rests are permanently trapped in the sediments (BEAR, 1964; OPPENHEIMER, 1960) . In the most parts of the open ocean, as the rate of deposition are extremely small of the order of less than one centimeter per 100 years, the decomposition of chitin in the sediments of the open ocean may be considered to complete at the surface of the sediments. The conditions in this case is thought to be the same as the conditions prevalent while floating in sea water, and chitin may be completely mineralized aerobically within 500 days even at a temperature of a few degrees centigrade, which is the temperature in the depth of the oceans, as has been calculated and discussed previously (SEKI, 1965) . As far as the eutrophic region near the coast are concerned, such as estuary, bay and lagoon, organic matter composed of dead plankton sinks rapidly without being mineralized while floating and mainly forms a part of sediments.
The decomposition of chitin occurs mainly in the sediments.
KUSNEZOW showed how organic matter is decomposed by living populations of microorganisms in lake sediments (KUSNEZOW, 1959; KUZNETSOV, IVANOV and LYALIKOVA, 1963) . Chitin among the organic matter has also to be mineralized by the activities of microorganisms in the sediments (HOCK, 1941; SKIN-NER and DRAVIS, 1937) , because very little decomposing crusts of crustaceans can be found out even in sediments of shallow marine bays and inlets where the production of crustaceans both planktonic and benthic is high. The greater parts of the precipitated chitin may be mineralized aerobically in the topmost layer of the "Mikrozonen", which is advocated by PERFILJEW in 1929 (KUSNEZOW, 1959 , whereas it may be mineralized anaerobically in deeper parts of the sediments.
ALESCHINA (1938) showed that sulfate-reducing bacteria also have the ability of oxidizing chitin. Therefore, in shallow marine bay or estuary, where large amount of hydrogen sulfide are present in mud, sulfate-reducing bacteria may be largely responsible for the decomposition of chitin.
Attempts were made to study how the decom- organic matter in the sediments occur not only aerobically but also anaerobically. The bottom mud of Station MS-2 (Depth to the bottom : ca. 5 m) is of such characteristics and was selected for study. Marine chitinoclastic bacteria, that collected in the sea, were also collected in the marine mud of Aburatsubo Inlet throughout the year . It is considered that these marine chitinoclastic bacteria are responsible for the mineralization of chitin that eventually precipitated in the bottom deposit.
Chitinoclastic bacteria in the marine mud were enumerated monthly and the results obtained is as shown in Fig. 1 . A slight in crease of the population was observed in summer, though the abundance was nearly constant throughout the year and the mode of fluctuation was similar to that observed in sea water, on plankton and on suspended matter. The chitinoclastic bacteria were from 105 to 107 per gram wet weight of mud throughout the year. The population in the mud was always more abundant than that on suspended matter per unit amount of the substrata.
This may indicate that the environmental conditions of marine mud are of the desired nature for the growth and activities of marine chitinoclastic bacteria and also for the chitinoclastic activity by these organisms.
Anaerobic bacteria were also found in the marine mud, though their abundance was very poor. Therefore, the aerobic chitinoelastic bacteria is largely responsible for the mineralization of chitin in the marine mud.
Decomposition of chitin in summer On July 6, 1964, sampling of mud was made and the chitin decomposition experiment was started.
In situ values of pH and Eh in marine mud at the depth of 2 cm were 7.6 and respectively.
This condition is favoura- 2). Chitinoclastic bacteria in the radiolarian ooze According to HOSHINO (1962) is as shown in Fig. 6 . The development of reducing conditions in bacterial culture was observed at all concentration of polypeptone. The level to which the redox potential fall depends on the concentration of polypeptone, i. e., maximum reduction was observed at the concentration of 5 per cent, which is also the best concentration for intense enzymic and synthetic activities for the chitinoclastic bacteria of marine origin. The potential established in the best concentration of nutrient was of the same level as that observed in the surface of the marine mud at Aburatsubo Inlet. Moreover, reducing activities at this Eh levels of Type IN strains depend on their enzymic activities at the optimum concentration of nutrient.
This may be one of the most important reasons why rapid decomposition of chitin in marine mud was observed at Aburatsubo Inlet.
Changes of pH and Eh of the marine mud are largely responsible for the bacterial activities (COOPER, 1937; HEWITT, 1950; KUSNEZOW and ROMANENKO, 1963; KUSNEZOW, 1959; WURMSER, 1930; . The chitinoclastic bacteria which decomposed chitin rapidly at the surface of the marine mud must perhaps be inhibited in their metabolic activities by the changes in pH and Eh of the mud. Fig. 7 shows limiting redox potentials for the growth of Type IN strains in the peptone added sea water with sodium thioglycollate. The pH and Eh in the surface of marine mud of Aburatsubo Inlet cannot be considered as limiting factors for the development and activities of Type IN throughout the year.
The chitin decomposition, provided that they are made by sulfate-reducing bacteria (ALES-CHINA, 1938) or other marine microorganisms at anaerobic conditions in the deeper parts of the sediments, is considered to finish at the topmost layers of the sea bottom at aerobic conditions. After all, the mineralization of chitin may be smoothly carried out by marine chitinoclastic bacteria aerobically both in the sea and in the topmost parts of the marine sediments.
Discussions
Although most parts of the organic matter of marine organisms are decomposed while floating in the sea (KUSNEZOW, 1959; OKUBO, 1956) , chitin, that cannot be mineralized while floating in the sea, deposit and form a part of the sediments. As shown in ZOBELL (1938) and TAGA and SEKI (1965) , chitinoclastic bacteria are expected to be present at the topmost layer of pelagic marine sediments in any parts of the sea. In the pelagic region the mineralization of chitin is considered to be completed on the sediments aerobically, as same as those while floating in the sea water, because the rate of the deposition in the open ocean is of the order of less than one centimeter per 100 years (SVERDRUP et al, 1942) and, therefore, only less than 0.2 mm of the deposition are expected while in its decomposition.
Even in the eutrophic region where hydrogen sulfide is produced in the marine mud, the decomposition of chitin may be carried out aerobically in the topmost layer of the " Mikrozonen ". As the environmental conditions, i. e., pH, Eh, nutrient supply, temperature etc., are favourable for the chitinoclastic activity of the marine microorganisms, the rapid decomposition of chitin is expected in the sediments. With reference to the actual observation made, chitin decomposition in the marine mud of Aburatsubo Inlet may be considered to be completed in 50 to 150 days, depending on the season. Even if the chitin in the sediments is not decomposed aerobically, the decomposition will continue in the deeper parts of the sediments anaerobically by the anaerobic bacteria.
In such a case , chitin decomposition may take place by sulfatereducing bacteria as has been pointed out by ALESCHINA (1938) . From these points of view, the mineralization of chitin may be smoothly carried out by the marine chitinoclastic microorganisms not only in the sea but also in marine sediments.
